Because  of  our  limited  supply,  you.  are  requested  to  return  this  copy  WHEN  IT  HAS  SERVED 
YOUR  PURPOSE  so  that  it  may  be  made  available  to  other  requesters.  Your  cooperation 
will  be  appreciated. 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  UCENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT"MAY  IN  ANY  WAY  BE  RELATED  THERETO. 


A RATIONAL  CURVE  RELATING  LENGTH  OF  REST  PERIOD 


CD  CO 

-<c: 


AND  LENGTH  OF  SUBSEQUENT  WORK  PERIOD 
FOR  AN  ERGOGRAPHIC  EXPERIMENT 


A Ttichnical  Report 
prepared  by 
LEDYARD  R TUCKER 


Princeton  University 
and 

Educational  Testing  Service 


March  1954 


Project  Designation  NR  150-088 
Office  of  Naval  Research  Contract  N6onr-270-20 
Principal  Investigator:  Harold  Gclliksen,  Psychology  Department 
Princeton  University 
Priacetoa,  N.  J. 
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ABSTRACT 

A raticnal  function  Is  develc<ped  relating  the  lenfr^-h  of  a 
rest  period  and  len^h  of  suBsequsnt  worE.  period  in  an.  ei-go/spraphic 
oituation.  Simple  energletic  postulates  are  used  for  a critical 
organ  or  nexiromiiBeular  atnicture  whose  failure  to  perform  adequately 
resvilta  in  s stoppage  of  the  worh  period*  Jixperimental  results  for 
two  Eub.jects  using  a finger  ergograph  indicate  that  the  function 
yields  the  general  tx’end  of  the  data  hut  that  there  seems  to  he 
some  systematic  deylatjons  of  the  data  from,  the  present  rational 
function.  One  parameter  determined  from  the  data  represents  rate 
of  reccrvery  from,  moderate  fatigue.  It  is  hoped  that  this  develop- 
ment wi3.1  aid  in  studies  of  motor  functions  as  related  to  such 


other  vaxiah.les  as  age,  motivation,  and  effects  of  d.ru.gs 


A RATIONAL  CURVE  REI*AJ?ING  LENGTH  OF  REST  PERIOD 
AEID  LENGTH  OF  SUBSEQUENT  WORK  PERIOD 
FOR  AN  ERGOGRAPHIC  EXPERIMEtra* 

The  idea  for  the  present  rational  development  occurred  dxu*ing  a perusal 
of  general  literature  on  work  decrement.  A munber  of  psychologists  have 
used  the  ergograph  in.  a va-i'iety  of  studies  ranging  from  those  coxicerned 
with  personality  characteristics  to  those  dealing  with  work  in  industry. 
While  considerable  progress  has  been  made  hy  physiologists  on  character- 
istics of  active  muscles  and  nerves^  there  seems  to  have  been  onl,y  moderate 
success  in  appljcation  of  tliese  piiyaiological  developments  to  the  probleros 
encountered  by  psychologists  in  dcalj.ug  with  behavior  of  integrated,  intact 
individuals.  Indeed,  there  are  a number  of  instances  where  psj'chologists 
clalTn  that  behavior  such  as  exhibited  with  the  ergograph  cannot  be  accounted: 
for  on  purely  phj'-siological  and  energistic  grounds.  The  difficulty  may 
be  in  finding  how  the  various  physioj^oglcal  details  can  be  incorporai.ed 
Into  descriptions  of  behavior  of  the  cosuplete  individual.  A second  possi- 
bility 1®  that  psychologists  have  not  considered  sufficiently  Eimple  and 
limited  behavioral  situatione  to  observe  the  piiysiological  and  energistic 
deteimiiners  of  behavior.  In  the  present  case  a few  simple  energy  relations 
are  postulahed  wh:lch  only'’  appi^oximate  the  rslatlcns  that,  might  be  determJ.ned 
on  phyelologica.I  gi-ounds  • Tixese  simple  relabionsj,  however,  peredt  develop- 
ment of  a fixnctio.nal  relation  observable  in  the  performance  of  an  individual 
In  a lliaited  ergographic  experiment.  Psychologists  may  find  the  present 
development  of  use  in  studyiiig  ssore  complex  situations. 


'''This  research  was  jointly  supported  in  part  by  Princeton  University  and 
the  Office  of  Naval  Research  under  contract  n6  onr  270-20. 
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After  an  individual  has  performed  a constant,  repetitive,  motor  task 
to  such  an  extent  that  he  no  longer  can  continue,  a rest  period  will  resul.t 
in  the  individual's  being  able  to  perform  nhe  task  again  for  some  ';orb. 
period  before  again  being  unable  to  continue.  A graph  relating  length  of 
rest  period  and  length  of  subsequent  work  period  will  be  of  the  form  of 
those  shown  in  Figure  1.  A similar  result  was  obtained  empirically  by 
Manzor  (2),  Short  rest  periods  will  be  followed  by  short  work  periods, 
longer  rest  periods  wj.ll  be  followed  by  longer  work  periods . As  the  rest 
Ijeriods  a -e  lengthened,  the  subsequent  work  periods  should  also  lengthen, 
but  to  a progresEivel;'/  lesser  extent  until  some  maximum  length  of  work 
period  is  approached. 

Tn  doveloping  a rational  function,  several  assumptions  are  made  con- 
cerning energj)'  relations  within  the  organ  or  neuromuscular  structui’e 
whose  failiure  to  function  adequately  is  responsible  for  the  work  stop- 
page. The  organ  might  be  the  working  muscle,  or  it  might  be  one  of  the 
nervous  elements  responsible  for  excitation  of  the  muscle.  We  will 
consider  at  this  time  only  the  critical  organ  or  structure  whose  failure 
to  fimctioD  edequately  resxilts  in  f ivilru'e  of  the  individual  to  perform 
the  task.  It  is  assuraed  that  fatxgue  of  other  organs  or  structures  will 
have  little  effect  on  length  of  the  work  period  so  long  as  these  organs 
do  function.  ‘iiiiiB  is  probabi.y  an  oversimplification  of  the  situation. 
Interaction  between  organs  or  structures  probably  does  occur  such  that 
fatigue  in  one  results  in  greater  expenditui-e  c-f  energy  by  others  in 
o:rder  fr>r  the  individual  to  continue  the  task.  This  iiiteracuion  is  being 
ignored  in  the  present  development. 


I 
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Consider  an  organ  that  is  using  energ:/  at  some  constant  rate  during 
a working  period.  The  supply  of  energy  immediately  available  to  the  organ 
to  be  used  in  performing  the  task  is  being  depleted.  If  this  energy  is 

being  replenished  at  a slower  rate  than  that  at  which  it  is  being  used,  • • 

the  supply  of  energy  will  be  reduced.  Wiien  the  energy  level  falls  to 
some  critical  point,  the  individual  will  be  unable  to  continue  the  task 
and  the  work  period  will  end. 

During  a rest  period  the  energy  supply  of  the  organ  will  be  replen~ 
ished  to  an  extent  dependent  on  the  length  of  the  rest  pei’iod  and  the 
rate  at  which  energjj'  is  being  made  available  to  the  organ  by  the  rest 
of  the  individual’s  body.  (For  the  present  development,  the  nature  of 
the  physiological  mechanism  Involved  is  not  of  immediate  relevance,)  At 
the  end  of  such  a rest  period.,  the  immediately  available  energy  supply  of 
the  organ  will  again  support  performance  of  the  task  during  a subsequent 
work  period. 

Consider  the  following  postulates  and  definitions.  Let: 


E = energy  immediately  available  to  organ  at  time  t;  (l) 

E = energy  inauedlately  available  to  organ  when  it  is  (2) 

in  a completely  rested  states 

a — - rate  of  expenditure  oi'  energy"  during  work  peidod.  (3) 

This  is  postulated  to  be  a constant; 

C(E^  - E.J.)  ■—  postulated  rate  at  which  body  replaces  (4) 

energy  to  the  organ; 

W = length  of  work  period;  and  (5) 

E = length  of  rest  period.  (6) 


It  is  to  be  noted  that  the  postuj.ate  in  equation  3 forms  a limit  on 
the  type  of  situation  to  which  the  present  development  is  appropriate . 
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ITie  ta«k  sbnuld  not  "be  one  for  which  the  individual  may  work  faster  when 
more  rested  and  then  slow  down  when  he  becomes  fatigued,  nor  should  the 
task  vary  with  the  fatigue  of  the  individual.  The  common  type  of  ergographic 
series,  where  there  may  be  loi^  initial  strokes  followed  by  short  strokes  as 
the  individual  tires,  is  inappropriate  for  the  present  development.  In  an 
ergograph  situation  the  strokes  should  be  of  constant  length  and  made  at 
constant  timing.  Inability  to  make  a stroke  of  standard  length  is  to  he 
interpreted  as  fallui-e  to  perform  the  task.  Thus,  the  individual  is  not 
driven  to  such  fatigue  that  he  cannot  make  a stroke  of  any  length;  he  Just 
cannot  ne,ke  one  of  standard  length.  Even  in  this  case,  this  assumption  of 
a constant  rate  of  expenditure  of  enerffir  is  probably  an  approxlm/itlon. 

The  postulate  in  equation  k involves  the  simple  concept  that  energ^r 

replacement  occurs  at  a rate  proportional  to  the  extent  of  deficiency  below 

a mJUiinum  amount  of  energy  s,vailab.le.  This  maximum  amount  of  enei'gy  available 

is  that  which  would  be  present  in  a completely  rested  organ.  C is  the 

constant  of  proportionality.  (E  ~ E. ) is  the  extent  of  energy  deficiency. 

m t 

Tills  postulate  is  probably  a gross  approximation  to  a true  function  vfhich 
could  be  deteimiined  from  physiologlced  considerations  but  it  should  be 
usable  for  cruder  develoisuente  and  when  a limited  task  is  involved,  such 
as  the  flexion  of  a finger.  This  postulate  would  probably  be  inappropriate 
for  more  extensive  tasks  involving  a large  proportion  of  the  body. 

Consider  the  curve  of  energy  available  versus  time  in  Figure  2.  At 
time  t^  the  energy  level  is  E^.  As  an  Initial  work  period  progresses  the 
energy  level  decreases  along  the  curve  until  it  reaches  the  .level  E.j  . This 
energy  level  is  the  critical  value  between  ccntinuation  in  perf onuance 
of  the  task  and  discontinuation  of  performance.  Whenever  the  energy  level 
Is  belcvj  there  is  Insufficient  energj'-  available  for  the  organ  to  continue 


its  part,  in  the  performance  of  the  task.  Wlienever  the  energy  level  is  above 
there  is  sufficient  energy  for  the  organ  to  continue  its  activity.  Ttie 
time  intemral  for  this  initial  work  period  is 

A rest  period  of  duration  is  now  imposed  and  uhe  energy  level  huilds 
up  to  Eg.  Ihxring  the  following  work  period  the  energy  level  reduces  to 
a critical  level  between  continued  mid  non-continued  performance  of  the  task. 
Since  the  task  has  not  been  altered,  we  mi^t  postulate  that; 


i ••  • 


£_ 


(T) 


The  dui'ation  of  thj.s  work  period  is 

Consider  that  a second  rest,  period  of  duration  Rg  is  Imposed  which  is 
followed  hy  a work  period  of  dui'ation  Wg.  The  terminal  energy  level  is 
again  the  critical  level  between  continued  and  non- continued  performance  of 
the  task;  and,  therefore,  is  equal  to  and  . Let: 

Hg  - « (8) 


These  two  rest  perlcds  started  with  the  IdenticaJ.  energy  levels  E^  and  E^ 
ae  postulated  in  ecjua.tion  thiis,  if  the  energy  restoration  conditions 
are  identical  as  piostulated  in  equation  L,  the  energy^  levels  at  the  end  of 
these  rest  periods  should  be  identical;  that  i.s; 


^ 


(9) 


It  might  be  expected,  then,  that  the  two  subsequent  work  periods  would  be 
identical  also; 


Wg 


(10) 


This  logic  would,  lead  to  ai;  expectation  that  a lo;:ig  sequence  of  rest-wo.rk 
periods  vrith  equal  .rest  periods  would  ’nave  equal  work  periods.  Yochelson  (3) 
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has  reported  data  indicating  such  constancy  in  vork  periods  following 
definite  rest  periods  in  long  sequences  of  rest  and  work  periods . Data 
gathered  in  the  experimenpal  try-out  of  this  development  also  tended  to 
support  this  contention.  A finger  ergograph  working  against  spring  tension 
with  a fixed  excursion  to  a block  was  used.  The  rate  of  eontractions  was 
set  at  one  contraction  per  second.  Preliminary  trials  revealed,  considerable 
initial  practice  effect,  session  to  session,  for  a subject.  During  practice 
sessions  some  long  sequences  of  rest  and  work  periods  with  equal  rest 
periods  were  tried  out.  The  following  results  for  the  sixth  practice 
session  for  one  subject  using  a series  of  60  second  rest  periods  are  typical. 
Tne  lengths  of  the  work  periods,  in  seconds,  were  50  , 50  , 51^  50, 

28,  28,  28,  28,  33,  31,  50,  28,  28,  51,  59^  28,  28.  The  first  one  of 

5^  seconds  in  this  series  should  not  be  counted.  It  corresponds  to  the 
initial  work  period  before  any  of  the  fixed  rest  periods  and  might  be 
expected  to  be  long.  The  remaining  work  pei-iods  seem  to  vary  within  a 
fairly  constant  band  with  no  apparent  progressive  decrement.  Presumably 
this  will  hold  only  for  a finite  time  and  the  experiment  should  not  involve 
excessive  sessions. 

During  the  rest  period  R.^  the  rate  of  change  of  energy'  with  time 
can  be  obtained  from  assumption  (^).  Only  energy  replacement  is  considered 
to  be  active  during  the  rest  period. 


dS 

— i = c(S  - E ) 
dt  '''•^m  t'' 


Integration  yields; 


E - E, 
m t 


(11) 


(12) 


~7~ 

■where  f is  a constant  of  Integration.  When  the  terminal  timee  t^^  and  t^ 
and  the  corresponding  energy  levels  and  ai-e  substituted  into 
equation  12,  the  following  ratio  may  be  obtained: 


E 

m 


E.. 


E. 


e(-Cti  + f) 

^(“Gt^^  + f + Ct.2 


f) 


^ ^C(t£  - ti) 


(13) 


(Ik) 

(15) 


It  is  to  be  noted  that  the  length  of  the  -rest  period  is 

R ^2  ■ ■'^1  ' 

since  t^  and  t^  a-x'e  the  end  and  beginning  times.  Ihe  subscript  to  R 
is  being  dropped  for  convenience.  Equation  15  can  then  be  written: 


E 


m 


E 


m 


08 


e 


(IT) 


or,  solving  for  E^: 


==  E - (E 
2 m ' m 


(18) 


Consider  the  subsequent  work  period.  Energy  is  being  used  at  a 
constant  rate  as  per  assuiiption  5 as  well  as  being  replenished  as  per 
assumption  4.  Ihus: 


a C(E  - S^) 
' m t 


(19) 


Integration  yields; 


-e- 


E - E - i a = *■ 

m t C 


(20) 


where  g is  a constant  of  integration.  Substitution  of  liraiting  times 
tg  and  t^  and  enei'gy  levels  Eg  and  and  writing  a ratio  yields: 


E - ~ a + s) 

Ttl  £l  L 

tp  ^ i a ~ (-Cta  + 


(21) 


,c(t.3  . tg) 


cw 


(22) 

(25) 


where 


W = - tg 


(24) 


Substitution  of  for  E^  as  per  equation  7 and  solution  for  Eg  yields: 


Eg  - E_^  - i a - (E^  - El  - i «) 


(25) 


In  relating  the  work  period  and  rest  period,  the  two  expressions 
for  Eg  In  equations  l8  and  25  are  equated,  yielding: 

E - (E  - E.  ) = E - i a - (E  - E,  - J a)  e*^ 


tn  C 


m 


(26) 


Subtracting  E from  both  sides  of  the  equation. 


5 ~ E,  - (S  - E )e 

m 1 Til  1 


-CR 


m 


- “a  (e  - E - -a) 
i L n?  i-  U 


^Y.T 


(27/ 
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Or : 


- E,  - ^)  (1  - ^™) 


m 


- \’> 


a 


-CR.  /, 
“ e ) «=  (. 


CWx 

e ) 


(29) 


Define: 


B = 


K 


(50) 


Then: 


_/*  •'CR  \ /,  CW  \ 

B(1  - e ) = (1  - e ) 


(5J-) 


CW 

Or,  solving  for  e ; 


CW  ^ ^ „ -CR 

e = 1 - E + Be 


(32) 


CW  -CR 

Thus  e is  linearly  related  to  e with  a slope  of  B and  intercept  of 
1 - B. 

It  i.s  interesting  to  note  that  when  the  numerator  and  denominator  of 
the  right  side  of  equation  50  are  multiplied  by  C 


B ^ 


C(E  - E, ) 

^ m 1' 

-a  ■’r  C(E  S,  ) 

m 1 


(33) 


Tlius,  from  equevtions  IJ.  and  IQ: 
t 

(for  the  rest  period) 


B 


dt 


rlE 


t (tor  the  work  period  j 


(34) 
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Another  point  of  interest  that  the  relation  given  in  equation 
51  (or  52)  does  not  involve  directly  the  amount  of  energy  expended. 

Only  measures  of  duration  of  rest  and  vork  periods  need  be  determined. 

It  is  not  necessary  to  observe  the  energy’’  expended  as  is  frequently 
attempted  in  ergographic  experiments  by  computing  the  vrork  performed  by 
the  muscle,  (in  case  the  muscle  is  not  the  critical  organ  re8i>onsible 
for  the  work  stoppage,  the  work  performed  by  the  muscle  would  not  be 
equal  to  the  energy  expenditure  to  be  considered  in  case  it  were  neces- 
B&ry  to  determine  the  constant  a.)  Tills  fortunate  feature  is  due  to 
the  restriction  to  a situation  for  which  there  is  a constant  rate  of 
energy  expenditure  for  the  critical  organ. 

Three  experimental  sets  of  data  were  obtained.  All  used  the  finger 
ergograph  previous!:/  described  which  involved  a spring  load  rather  than 
weights.  The  excursion  of  the  finger  tip  was  limited  by  a block.  The 
rate  of  finger  contractions  was  set  at  one  per  second  in  all  three  cases. 
On  each  contraction,  the  limit  block  was  to  be  touched.  Failure  to  make 
a complete  stroke  ended  each  work  period.  In  each  experiment  one  subject 
was  used  for  a number  of  sesBlons.  Each  session  was  composed  of  a 
"warm-un"  period  involving  three  work  period.8  separated  by  60  second 
rest  periods.  Tlie  first  experimental  rest  period  followed  immediately 
the  last  warm-up  work  period.  In  the  experimental  session  proper,  a 
sequence  of  rest,  work,  rest,  work,  etc-  periixis  were  used.  Instead  of 
having  a sequence  of  equal  rest  periods  and  thus  determining  one  x^olnt 
on  the  rest-work  curve  at  each  session,  each  of  the  selected  rest  periods 
was  used  once  at  each  session  and  the  nubssqi3ent  length  of  work  period 
was  determined.  The  order  of  rest  periods  wac  varied  betv/een  ses-sions. 


Mean  length  of  work  periods  follnwiiag  each,  length  of  res  t pei'lod 


determined  for  each  subject . 


Data  for  the  Initia?^  subject  are  not  presented  here  because  he 
showed  considerable  practice  effect  from  session  to  session . The 
subject  perfor-med  about  twice  as  much  work  on  the  fourth  session  as  on 
the  first  session.  The  other  two  subjects  received  more  extensive 
practice  sessions  and  showed  less  increase  in  work  performed  during 
the  experimental  sessions.  Results  for  the  preliminary  subject  were 
analyzed  and  the  curve  of  equation  32  fits  this  data  about  as  well  as 
it  does  the  data  for  the  two  subjects  reported  here. 

Mean  lengths  of  work  periods  following  the  chosen  rest  periods 
are  given  in  Table  1, 

The  values  of  B and  C for  each  subject  were  determined  graphically. 

In  cases  where  more  precise  determinations  of  these  constants  are  desired, 
some  more  precise  statistical  method  of  curve  fitting  might  be  used.  In 
the  present  case  we  were  interested,  in  obtaining  only  the  proper  order 
of  magnitudes  of  B and  C aijid  felt  that  there  was  an  advantage  in  the 
graphical  method  in  surveying  the  properties  of  the  function  and  the  data, 
A series  of  trial  values  of  C were  assumed.  For  each  value  of  C,  values 
ot  e and  e were  obtained. 

Figure  5 shert^s  graphs  for  subject  1 for  three  values  of  C.  Each 
point  is  determined  by  one  rest  period  axd  the  subsequent  work  period.. 
From  equation  52  it  is  expected  that  the  points  between  e''  and  e 
would  be  lineax'ly  related  for  the  proper  value  of  C.  Analysis  of 
equation  32  also  indicates  that  this  line  should  pass  through  the  point 
1,  1.  All  three  lines  drawn  in  Figure  3 pass  through  this  point.  It  is 
to  be  noted  in  Figure  3 that  a low  value  of  C yields  a negative  ciarvature 
and  a high  value  of  C yields  a positive  curvature.  A C of  .010  seemed 
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to  yield  the  best  approximation  to  a straight  line.  A best  fitting  line 
was  drawn  by  eye  with  a slope  of  ~ .?6,  thus  determining  B . The  line 
drawn  on  Figure  i for  subject  i is  the  line  for  equation  52  with  the 

values  of  B and  C determined  above. 

CW  -fR 

Figure  4 shows  graphs  of  e and  e for  subject  2 and  three  trial 
values  for  C.  Vttiile  deviations  from  a straight  line  do  not  Beau  extreme, 
it  is  of  interest  that  the  points  carmot  be  brought  into  more  or  less 
random  fluctuations  around  a straight  Ij.ne  by  any  choice  of  C . There 
seems  to  be  a systematic  wave  about  the  straight  line  in  each  graph. 

This  type  of  cvurve  roay  result  from  the  inadequacies  of  our  approximations . 
A slight  suggestion  of  this  effect  may  be  detected  also  for  subject  1. 
in  Figure  3«  HieoC-  results  se&m  to  be  related  to  the  results  reporic-d 
by  Fere  (l)  and  by  Manzer  (2)  where  performances  after  moderate  ^•eBt 
periods  were  superior  to  performancss  after  longer  rest  periods.  VP-jil.e 
t'ne  consistency  and  seriousness  of  this  lack  of  fit  of  the  present 
function  is  a matter  for  further  study,  it  is  the  autlior's  Judgm^snt  from 
the  present  data  that  equation  52  yields  i,he  general  sweep  of  the  obser- 
vations. Some  different  set  of  postulates  might  yield  a better  fit  bo 
the  data,  or  the  systematic  deviations  may  be  considered  as  perturbations 
to  be  accounted  for  by  further  ccTmplexlties  in  the  mathematical  model. 

Returning  to  the  fitting  of  equation  52  to  the  results  for  subject 
2,  values  of  .00&  for  C and  -.95  for  B seemed  to  give  the  best  fit  to 
the  data.  The  corresponding  curve  is  drawn  in  Figui'e  1. 

An  asymptote  is  indicated  for  each  curve  in  Figi.ire  1.  This  orr/iaptote 
.may  be  deuericir.ed  by  setting  R eqi.uij  to  infijiity  in  ecjuabior:  52.  e ' 

eguels  (l  - B).  In  the  ey.perime.nt. 


is  tlien  zero  and 


the  i.'irst  work 


period  exceeded  this  asyir^ttote  by  sccie  10  to  20  per  cent . This  is  a 
second  indication  of  an  inadequacy  of  ou.r  formulation  which  might  be 


corrected  by  a more  complex  set  of  postulates.  Another  possibility  is 
to  interpret  the  present  fvmction  to  apply  to  the  body  state  follcr^ing 
the  warm-up  period  in  the  experimental  seesionB. 

Future  work  vith  the  rational  rest-work  function  can  take  any  of 
several  Lines  aside  from  development  of  a more  adequate  (and  probably 
more  complex)  function.  Individual  differences  in  values  of  C and  E 

for  a fixed  experiiiient  luight  be  correlated  vrith  other  vai'iables  such  as  j 

I 

age.  Effects  of  such  condltiono  as  ventilation,  use  of  drugs,  motivation,  | 

I 

and  response  modality  on  C and  B could  be  investigated.  The  experiment  j 

1 

could  be  exp»iiided  to  include  cystsiaatic  vai'lation  in  load  on  the  ergograph  • | 

i 

and  timing  of  f lexioris,  thus  investigating  other  characteristics  of  the 
present  function  when  a (rate  of  ener®’’  expenditure)  .and  (ci'itical 
ererg>'  ].eve3.)  varitxi.  It  v?ouLd  be  hoped  that  use  of  the  rs.tional 
function  for  the  rest-woj-'k  curve  would  help  in  obtaining  greater  precision 
in  re?jult3  for  these  various  types  of  investigations. 
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TABLE  1 

I 

j'  EXPERIMENTAL  RESULTS 

I (mi  tirr-es  are  In  seconds . ) 


Subject  i Subject  2 


1 Length  of 

; RfjS'fc 

Length  of 
Work* 

Length  of 
Rest 

Length  0 
Vfork-s^ 

i 5 

5.8 

5 

10.0 

10 

9.9 

3.0 

i4.7 

lU.9 

20 

21.5 

ho 

25.? 

40 

31.8 

, 60 

27.0 

60 

39-7 

! 90 

37.5 

80 

45.2 

! 120 

M.5 

ICX) 

51.0 

k ■ i6o 

^8.1 

120 

54.0 

200 

50.0 

l.SO 

67.0 

2l+0 

52.9 

240 

77.8 

*Mean  length  of  vork  periods  oyer  8 sessions, 
length  of  work  peric>de  over  6 Besslons. 
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yjLgure  2 

Relation  Beti^een  Energy  AralJLsble  and  Tijoe 
BuriEEjg  a Series  of  Moris,  and  Best  Periods. 
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